V. 3. 3- APl - HAR2 HARRI SBURG ( MARFC) API - RUNOFF OPERATI ON

ldentifier: API-HAR2

Application: All Prograns

Description: This Operation executes the redesigned and cal i brated
event - based MARFC API -type rainfall-runoff nodel

It calcul ates Antecedent Precipitation Indices (APlI), Antecedent
Evaporation I ndices (AEl), Antecedent soil noisture Indices (Al) and
runof f ampunts for a given runoff zone. Al these variables are
expressed in units of length (MM. The data tinme interval of these
vari ables can be 1, 2, 3, 4, 6, 8, 12 or 24 hours dependi ng on the
data tine interval specified when the Operation is initialized.

I nput data are zonal potential evapotranspiration and zonal
rain/nmelt.

Speci al provisions of this Operation include:

1. The minimmperiod for which this Operation can be executed is
one day.

2. The data tine interval for rain/nelt and runoff can be 1, 2,
3, 4, 6, 8, 12 or 24 hours and is specified by the user when
the Operation is initialized.

3. An adjustnent factor is entered for each runoff zone to
correct for differences between input potenti al
evaporati on(PE) data and the best estimate of PE for the
wat ershed. |If sky cover is used to calculate daily values of
PE which are used as input to the Operation, the adjustnent
factor is used to correct for the bias between PE val ues
calculated in this fashion and published values of evaporation
froma free water surface found in NOAA Techni cal Report NWS
33. If mnutes of sunshine is used in place of sky cover, the
adj ustment factor probably would beconme 1.0.

4. Initial carryover values may be specified by the user when the
Operation is initialized for a particular runoff zone. These
vari ables are: 12Z APlI, 12Z AEl, 12Z Al, 12Z storm APl, 12Z
storm AEl, 12Z storm Al, rain/nelt fromthe current storm
runoff fromthe current storm 24 hour rain/nelt ending at
127, 24 hour runoff ending at 12Z and rain/nelt for each
period in the new storm w ndow (up to 24 val ues).

5. The option is available to allow the user to request output
time series containing stormAPI, storm AEl and storm Al
values, with all three tinme series possessing the sane data
tinme interval as the rain/melt and runoff time series.

Background: In an attenpt to nore accurately describe the rainfall -
runoff process in the md-Atlantic region the MARFC redesigned its
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event - based APl nodel in 1991. This model contains several
enhancenents over its predecessor (see V.3.3-API-HAR)

1)

2)

3)

4)

5)

Each season quadrant is defined by paranmetric equations which
allow the APl to approach a value of 0.00 during extended dry
periods. In the previous MARFC APl nodel, the season
guadrants were defined by somewhat cunbersome table |ook-up
schemes which were indeterninate when the APl dropped bel ow
0.10. This constraint aggravate the description of the
surface runoff process during droughts because the greatest
curvature in the season quadrant curves occurs at very | ow API
val ues.

The use of paranetric equations to describe the MARFC season
gquadrants instead of table |ook-up schenmes eases the use of
automatic optim zation techniques during the calibration
process.

VWhen the APl npbdel was first introduced to the MARFC in the
1950s, week nunmber was used in conjunction with APl to define

all 19 regional season quadrants. 1In the early 1960s, week
number was replaced with anot her independent variable known as
the Antecedent Evaporation Index (AEl). Instead of

recal i brating each regi onal season quadrant based on this new
i ndex, the average AEl for each week of the year was

cal cul ated based on 10 years of |ake evaporation data. The
week number associated with each curve in the regional season
guadrants was then replaced with the appropriate AEl value for
that sanme week. This replacenent necessitated two separate
definitions of each regional season quadrant; one for the
spring and summer nonths and another for the fall and wi nter
mont hs. The season quadrants associated with the new event-
based MARFC API nodel are independent from season of the year
and so just one season quadrant is required for each runoff
zone.

The AEl is based on | ake evaporation as estimated by the
nodi fi ed Penman equation | ocated in the NWSRFS MAPE functi on.
Unl i ke week nunber, |ake evaporation is a sinusoidal function
of time of the year. This factor enables the individual AEIl
curves in each season quadrant to be equally spaced, at | east
in the md-Atlantic region, thus reducing the nunber of
paranmeters needed to descri be each season quadrant. Since the
previ ous MARFC APl nmodel was originally designed with week
number, its season quadrant curves are not evenly spaced.

In this new nodel, a precipitation quadrant has been devel oped
for each calibrated runoff zone. A zone-specific
precipitation quadrant permts the unique physiographic
features of that zone to play a nore active role in the
description of surface runoff. It also provides snpot her
season quadrant curves and allows the Al to approach zero for
each individual AEl curve in the season quadrant as API
approaches infinity. This sanme boundary condition is enpl oyed
in the Continuous APl Model (see I1.3-API-CONT).
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6) The association of a unique precipitation quadrant with every
season quadrant provides a nore sinple description of the
precipitation quadrant itself. Wth help from OH, the MARFC
has found that the PE termcan be set to unity in the
followi ng equations, at least in the md-Atlantic region:

D = PA + PB*Al
AN = PC + PD*Al **PE

RO

(PCPN**AN + D**AN)**(1/AN) - D

Since PA, PB, PC and PD are di nensionless and si nce Al and
PCPN are in units of length, ROis also in units of length if
PE is 1.0.

7) A unique season quadrant and precipitation quadrant has been
devel oped for each significant runoff zone in the MARFC area
of responsibility. Therefore, the runoff adjustnent factor
utilized in the previous MARFC APl nodel is no | onger needed.

Devel oped by: Mddle Atlantic River Forecast Center

Al l owabl e Data Tine |Intervals: 1, 2, 3, 4, 6, 8, 12 or 24 hours

Time Series Used: Tinme series used in this Operation are as foll ows:

Form of Data M ssi ng
Qut put Ti me Val ues
General Type Dm Units Use Required T.S. Interval Allowed
Rai n/ mel t L VM I yes n/ a vari abl e no
Potential ET L VM I yes n/ a 24 no
Runof f L VM @] yes repl aces variable no
St orm Al L VM @) no repl aces variable no
St orm API L VM o no repl aces variable no
St or m AEI L VM @) no repl aces variable no

I nput Summary: The card input for this Operation is as foll ows:

Card For mat Col ums Contents

1 2A4 1-8 Runoff zone identifier

6X, 5A4 15-34 Runof f zone nane
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Runof f zone number; not used by
Operation - for external use only; range
is 0 through 1000

Latitude (units of deci mal degrees) of
the centroid of the runoff zone; not
used by Operation - for external use
only; range is 36.00 through 43.50

Longitude (units of deci mal degrees) of
the centroid of the runoff zone; not
used by Operation - for external use
only; range is 73.50 through 83.50

AEl value for season quadrant wet curve
(units of IN); range is 0.00 through

Al intercept for season quadrant wet
curve (units of IN); range is 0.00

Curvature of season quadrant wet curve;
range is 0.01 through 0.99
AEl value for season quadrant dry curve

(units of IN); range is 0.00 through

Al intercept for season quadrant dry
curve (units of IN); range is 0.00

Curvature of season quadrant dry curve;
range is 0.01 through 0.99

Preci pitation quadrant paraneter PA;
range is 0.01 through 5.00

Preci pi tation quadrant paraneter PB
range is 0.01 through 5.00

Preci pitation quadrant paraneter PC,
range is 0.01 through 5.00

Preci pi tation quadrant paraneter PD
range is 0.01 through 5.00

Preci pitation quadrant paraneter PE
currently is always 1.00

Card For mat Col ums Contents
5X, 14 40- 43
6X, F5. 2 50-54
5X, F5. 2 60- 64
2 F5.2 1-5
6. 00
F5.2 6-10
t hrough 5. 00
F5.2 11-15
F5.2 16- 20
12. 00
F5.2 21-25
t hrough 10.00
F5.2 26-30
3 F5.2 1- 5
F5.2 6-10
F5.2 11-15
F5.2 16- 20
F5.2 21-25
4 F5.2 1- 5

08/ 08/ 2003

Pot enti al Evapotranspirati on adjustnment
factor; range is 0.50 through 2.00
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Card For mat Col ums Contents

F5. 2 6-10 Maxi mum quantity of rain/nmelt allowed
wi thin the new storm w ndow in order for
a new stormto begin (units of IN;
range is 0.00 through 1.00

F5. 2 11-15 24 hour APl recession coefficient; range
is 0.80 through 0.99

15 16- 20 Data time interval of rain/nelt and
runoff tinme series (IDELTA) and of the
Al, APl and AEl time series if requested
(units of HR); range is 1 through 24

15 21-25 New st orm wi ndow (units of HR); range is
1 through 24 but nust be an integer
mul tiple of the basic data tinme interval
(1 DELTA)

15 26- 30 Indicator if to save A, APl and AEI
tinme series:

0 = no - do not save
1 = yes - save
15 31-35 I ndicator if to read initial carryover
val ues:

0O = no - use defaults
1 = yes - read input

5 2A4 1- 8 Internal identifier of rain/nmelt tinme
seri es
3X, A4 12-15 Data type code of rain/nelt tinme series

4X, 2A4 20- 27 Internal identifier of potentia
evapotranspiration time series

3X, A4 31- 34 Data type code of potentia
evapotranspiration time series

5X, 2A4 40- 47 Internal identifier of runoff tine
series

3X, A4 51-54 Data type code of runoff tine series
Card 6 is needed if Al, APl and AEl tinme series are to be
generated. The API/AEI /Al tinme series output indicator (colums
26-30 of card 4) nust contain a positive non-zero value if card 6
is to be read.
6 2A4 1-8 Internal identifier of Al tine series
3X, A4 12-15 Data type code of Al tinme series

4X, 2A4 20- 27 Internal identifier of APl tine series
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Card For mat Col ums Contents

3X, A4 31- 34 Data type code of APl time series
5X, 2A4 40- 47 Internal identifier of AEl tine series
3X, A4 51-54 Data type code of AEl tinme series

Cards 7 and 8 are needed if actual carryover values are to be

i nput. The input carryover indicator (colums 31-35 of card 4)
must contain a positive non-zero value if these cards are to be
read. |f any values are entered all nust be entered. |If initial
carryover values are not read default values are used. Defaults
are 1.00 for 12Z APl and Storm API, 5.00 for 12Z AEl and Storm
AEl, 2.60 for 12Z Al and Storm Al and 0.00 for all other

vari abl es.
7 F5. 2 1- 5 127 APl (units of IN); range is 0.00

t hrough 15.00

F5. 2 6-10 127 AEl (units of IN); range is 1.00
t hrough 11.00

F5. 2 11-15 12Z Al (units of IN); range is 0.00
t hr ough 8. 00

F5. 2 16- 20 12Z storm APl (units of IN); range is
0. 00 through 15.00

F5. 2 21-25 127 storm AEl (units of IN); range is
1.00 through 11.00

F5. 2 26- 30 12Z storm Al (units of IN); range is
0. 00 through 8.00

F5. 2 31-35 Rain/melt in current storm (units of
IN); range is 0.00 through 60.00

F5. 2 36-40 Runoff in current storm (units of IN);
range is 0.00 through 60.00

F5. 2 41-45 24 hour rain/nmelt ending at 12Z (units
of I N)

F5. 2 46-50 24 hour runoff ending at 12Z (units of
I'N)

8 12F5. 2 1-60 Rain/melt for each period in the new

storm wi ndow (units of IN); nunber of
val ues needed is equal to the new storm
wi ndow di vided by the basic data tine
interval (IDELTA); if nore than 12

val ues are needed repeat card 8

Sanple Input and Qutput: Sanple input is shown in Figure 1. Sanple
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output fromthe paraneter

print

is no execution routine output.

Error and VWrni ng Messages:

are as follows:

1 ** ERROR **

routine is shown in Figure 2. There

The error and warning nessages gener at ed
by this Operation and the corrective action to take when they occur

| NVALI D SEASON QUADRANT COEFFI CI ENT(S) .
AT LEAST ONE OF THE FOLLOW NG VALUES |S OQUT OF

RANGE:

COEFFI ClI ENT RANGE

AEI VET 0.00 - 6.00
BVET 0.00 - 5.00
CVET 0.00 - 0.99
AEl DRY 0.00 - 12.00
BDRY 0.00 - 10.00
CDRY 0.00 - 0.99

Action: Determ ne which coefficient

than one val ue may be w ong.

2 * % ERR * %

VALUE ENTERED

KRR
IREXX

XX XX

is bad and reenter. Mor e

| NVALI D PRECI PI TATI ON QUADRANT CCEFFI CI ENT( S)
AT LEAST ONE OF THE FOLLOW NG VALUES |S OQUT OF

RANGE:

COEFFI ClI ENT RANGE

PA 0.01 - 5.00
PB 0.01 - 5.00
PC 0.01 - 5.00
PD 0.01 - 5.00
PE 1.00

Action: Determ ne which coefficient

than one val ue may be w ong.

VALUE ENTERED

RREXXK
RRXX

XX.

is bad and reenter. Mor e

3. ** ERROR ** | NVALI D EVAPOTRANSPI RATI ON ADJUSTMENT FACTOR :

XX XX

PROGRAMMED RANGE 1S 0.50 TO 2. 00.

Action: Change the Potenti al

on card 4.

Evapotranspirati on Adjustnment factor

4. ** ERROR ** | NVALID STORM BREAK THRESHOLD VALUE : XX XX
PROGRAMMED RANGE IS 0.00 TO 1. 00.

Action: Change the Storm Break Threshol d val ue on card 4.

5. ** ERROR ** | NVALID 24-HOUR API

Action: Change the API

08/ 08/ 2003

RECESSI ON CCEFFI Cl ENT : XX, XX
PROGRAMMED RANGE IS 0.80 TO 0. 99.

Recession Coefficient on card 4.
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10.

11.

12.

13.

14.

** ERROR ** | NVALI D COMPUTATI ONAL Tl ME STEP I NTERVAL (| DELTA)
XXI'X
PERM TTED VALUES : 1, 2, 3, 4, 6, 8, 12 or 24
HOURS.

Action: Change |DELTA on card 4.

** ERROR ** THE NUMBER OF HOURS USED TO DEFI NE THE NEW STORM
W NDOW IS NOT A POSI TI VE, NON- ZERO | NTEGER MJLTI PLE
OF THE COWPUTATI ONAL TI ME STEP | NTERVAL (| DELTA).
THI' S MEANS THAT THE TI ME | NTERVAL OVER WHI CH THE API
- HAR2 OPERATI ON CHECKS FOR A STORM BREAK MAY NOT BE
WHAT IS ACTUALLY DESI RED. THE RESPECTI VE VALUES OF
THESE VARI ABLES JUST READ I N ARE XXI X AND XXl X.

Action: Adjust the new storm w ndow and/or the conputational tine
step interval on card 4.

** ERROR ** THE NUMBER OF PERI ODS CALCULATED FROM THE SPECI FI ED
NEW STORM WNDOW I S LESS THAN 1 : XXX XX
PROGRAMMED RANGE 1S 1 THROUGH 24.

Action: Change the tine step interval and/or the new storm w ndow
on card 4.

** ERROR ** THE NUMBER OF PERI ODS CALCULATED FROM THE SPECI FI ED
NEW STORM W NDOW | S GREATER THAN 24 :  XXX. XX
PROGRAMMED RANGE 1S 1 THROUGH 24.

Action: Change the tine step interval and/or the new storm w ndow
on card 4.

** ERROR ** | NVALI D 12Z API CARRYOVER VALUE : XXX. XX
PROGRAMMVED RANGE 1S 0.00 THROUGH 15. 00 | NCHES.

Action: Change the 12Z APl value on card 7.

** ERROR ** | NVALI D 12Z AEI CARRYOVER VALUE : XXX. XX
PROGRAMMED RANGE 1S 1.00 THROUGH 11. 00 | NCHES.

Acti on: Correct the 12Z AEl value on card 7.

** ERROR ** | NVALID 12Z Al CARRYOVER VALUE : XXX XX
PROGRAMMED RANGE |'S 0.00 THROUGH 8. 00 | NCHES.

Acti on: Correct the 12Z Al value on card 7.

** ERROR ** | NVALI D 12Z STORM APl CARRYOVER VALUE : XXX XX
PROGRAMMED RANGE |'S 0.00 THROUGH 15. 00 | NCHES.

Acti on: Correct the 12Z Storm APl value on card 7.

** ERROR ** | NVALI D 12Z STORM AEI CARRYOVER VALUE : XXX XX
PROGRAMMED RANGE 1S 1.00 THROUGH 11. 00 | NCHES.

Action: Change the 12Z Storm AEl val ue on card 7.
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** ERROR ** | NVALID 12Z STORM Al CARRYOVER VALUE : XXX, XX
PROGRAMMED RANGE IS 0.00 THROUGH 8. 00 | NCHES.

Acti on: Correct the 12Z Storm Al value on card 7.

** ERROR ** | NVALI D STORM RAI N MELT CARRYOVER VALUE : XXX, XX
PROGRAMMED RANGE 1S 0.00 THROUGH 60. 00 | NCHES.

Acti on: Correct the Storm Rain/ Melt value on card 7.

** ERROR ** | NVALI D STORM RUNOFF CARRYOVER VALUE :  XXX. XX
PROGRAMMVED RANGE 1S 0.00 THROUGH 60. 00 | NCHES.

Action: Change the Storm Runoff Carryover value on card 7.
** ERROR ** | NVALI D RAIN MELT TOTAL I N THE NEW STORM W NDOW :
PROGRAMMED RANGE IS 0.00 THROUGH 60. 00 | NCHES.

Action: Change the Rain/Melt total on card 7.

yover Transfer Rules: The followi ng rules are used during the

yover transfer process for this Operation:

Checks are nade to see if the conputational time step interval
and the new storm wi ndow have been changed:

a. If the conputational tinme step interval has changed, all
rain/melt values in the new stormw ndow are set to zero,
regardl ess of what may have happened to the size of the new

b. If the new storm w ndow has increased (while the
conputational tinme step interval has remined constant),
the existing rain/nmelt values within the new storm w ndow

c. If the new storm w ndow has decreased (while the
conputational tinme step interval has remined constant),
t he extraneous rain/melt values within the new storm w ndow

I f changes have been nade to either the conputational tine step
interval or the new storm wi ndow the Operation should be
executed for as far back in time as possible to update the

15.
16.
17.
18.
XXX, XX
Carr
carr
1.
st or m wi ndow.
are padded with zeros.
are set to zero.
carryover.
2.

No validity checks or alterations are made to any of the other
val ues during the carryover transfer process.

Punched Card Linitations: The punched card rules for this Operation

are

1.

as follows:

The format of punched cards is identical to those described in
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the I nput Card Sunmary of this docunentation

2. No checks are made for the validity of the paranetric or
carryover data during the punching process.

3. Carryover values may be defaulted if desired. |In this case,
cards 7 and 8 will not be punched for a given runoff zone. The
i nput carryover indicator (columms 31-35 of card 4) wll
correspondingly be punched with a zero val ue
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Figure 1. Sanple card input for Qperation API-HAR2

- Colum -

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
e
API - HAR2 W BSE
W BSE BLUERI DGE- W LI AMSBRG 46 39. 80 78. 40

3.0 1.5 .50 8.5 4.0 .70
0.9 1.50 1.5 .80 1.0
.90 .10 0.9 6 12 0 1
W BSE RAI M PWA MAPE W BSE I NFW
1.00 4.50 0.75 0.00 1.00 0.00 0.00 0.00 0.00 0.00

0.0 0.0

Figure 2. Sanple output from Qperation APl -HAR2 print paraneter

routine
Kk kKKK KKK KKK KK A KKK Kk
API - HAR2 OPERATI ON NAME=W BSE PREVI OUS NAME=
Kk kKKK KKK KKK KK A KKK Kk
OPERATI ON VERSI ON : 1
RUNOFF RUNOFF RUNOFF CENTROI D LAT CENTROI D LONG
ZONE I D ZONE NAME ZONE NUMBER (DEG DEC) (DEG DEC)
W BSE BLUERI DGE- W LI AMSBRG 46 39. 80 78. 40

SEASON QUADRANT COEFFI Cl ENTS
AEI WET BWET CWET AEI DRY BDRY CDRY
3.00 1.50 0.50 8.50 4.00 0.70

PRECI PI TATI ON QUADRANT COEFFI Cl ENTS
PA PB PC PD PE
0.90 1.50 1.50 0.80 1.00

OTHER VARI ABLES NEEDED BY THI S OPERATI ON

POTENTI AL ET ADJUSTMENT FACTOR : 0.90
STORM BREAK PRECI P THRESHOLD : 0.10
24- HR APl RECESSI ON COEFFI CI ENT : 0.90
COMPUTATI ONAL TI ME STEP | NTERVAL : 6
NEW STORM W NDOW ( HOURS) : 12
NEW STORM W NDOW ( PERI ODS) : 2

TI ME SERI ES USED BY THI S OPERATI ON

CONTENTS TS I.D. TYPE TI ME | NTERVAL
RAI N/ MELT W BSE RAI M 6 HOURS
POTENTI AL ET PWA MAPE 24 HOURS
RUNOFF W BSE I NFW 6 HOURS

CARRYOVER VALUES FOR THI S OPERATI ON

STORM STORM STORM

12Z API 127 AEI 127 Al API AEI A
1.00 4.50 0.75 0.00 1.00 0.00
STORM STORM 24-HR 24-HR

RAI N/ MELT RUNOFF RAI N/ MELT RUNOFF

0.00 0.00 0.00 0.00

RAI N/ MELT FOR EACH PERI OD W THI N THE NEW STORM W NDOW ( OLDEST PERI OD | S FI RST)
0.00 0.00
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